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comprising the composition of the invention. The hydrophilic diamine may comprise silicone. The composition may 
also contain at least one short chain aliphatic diamine and/or diol. This polymer composition is useful as an outer 
biocompatible membrane for use in biosensors. The membranes thus formed allow for increasing oxygen permeability 
and decreased analyte (e.g. glucose) permeability. They also possess the necessary properties for an outer polymeric 
membrane. 

[0021] Possible amounts of the various reaction products are, for example 

about 50 more percent diisocyanate; 

5 to 45 more percent hydrophilic diol or diamine ; 

5 to 45 mole percent aliphatic diol or diamine; and 

5 to 40 mole percent silicone material. 
[0022J Other features and advantages of the present invention will become apparent from the following more detailed 
description taken in conjunction with the accompanying drawings which illustrate, by way of example, the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The accompanying drawings illustrate the invention. In such drawings: 

FIGURE 1 shows the polymerization reaction of a diisocyanate and a diol to make a urethane linkage and the 
reaction of the diisocyanate and a diamine to make a urea linkage; 

FIGURE 2 shows exemplary diisocyanates used as a first component in a polymer composition of the present 
invention. 

FIGURE 3 shows exemplary silicones used as a second component in the polymer composition of the present 
invention. : 

FIGURE 4 shows exemplary long chain hydrophilic diols and diamines used as a third component in the polymer 
composition of the present invention. 

FIGURE 5 shows exemplary short chain aliphatic diols and diamines that may be used in the polymer composition 
of the present invention. 

FIGURE 6 shows an infrared spectrum of an exemplary polyurea composition of the present invention. 

FIGURE 7 A is a schematic top view of an exemplary glucose sensor having electrodes covered with an exemplary 
polymer of the present invention. 

FIGURE 7B is a sectional side view of a working electrode covered with layers of enzyme and the polymer com- 
position. 

FIGURE 8 is a graph showing sensor output in various glucose solutions as a measure of time. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] In a preferred embodiment, the proposed membrane for the sensor incorporates two different types of bonds 
and components into a single polymer. The type of polymer is a polyurethane polyurea. The chemistry of the polym- 
erization is shown in Figure 1 in a simplistic manner. The reactions shown in Figure 1 show the reaction of a diisocyanate 
and a diol to make a urethane linkage and the same isocyanate reacting with a diamine to make a urea linkage. In 
alternative embodiments, the polymer may contain either the urea or the urethane linkage depending on the individual 
components used. 

[0025] The polymer composition described in this invention is synthesized from three or four individual components. 
The basic building blocks for attachment are the exemplary diisocyanates shown in Figure 2. These are the preferred 
diisocyanates for the membranes ot this invention, however aromatic diisocyanates can be used if appropriate care is 
used to remove all of the toxic monomer from the final polymer. 

[0026] Two other components are used for the final membrane polymer. The first is a silicone material (siloxane) that 
has excellent 0 2 permeability. These siloxanes do not have H 2 0 permeability so that they do not allow any glucose 
diffusion. A polydimethyl siloxane polymer with reactive endgroups is the prelerred constituent of the polymer. Figure 
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3 shows some of the potential siloxanes that have been incorporated into biosensor membranes 
[0027] Another component of the polyurethane/polyurea polymer composition is a long chain hydrophilic dibl or di- 
amine that incorporates water permeability into the polymer. Several water permeable diols and diamines have been 
used in the membranes and are shown in Figure 4. These include diols like polyethylene glycol (PEG) or polypropylene 
glycol (PPG) and diamines of the same type, Of course, anyone skilled in the art realizes that many other diol or 
diamines could be substituted. 

[0028] In the preliminary data, the diol used is PEG 400 or PEG 600 which is very hydrophilic arid leads to good H,0 
transport For the diamine a silicone material can be used. Of course, the silicone material could be a diol as well but 
stable diol terminated silicones are not readily commercially available. 

[0029J The silicone has excellent 0 2 transport while the diol can be tailored to control the H,0 transport arid hence 
the glucose permeability. The use of silicone can easily increase the O z transport by a factor of five, increasing the 
maximal glucose permeability by 5 fold as well. Since the biosensors as constructed are kinetically limited, it is difficult 
to predict the exact increase in currents generated by the sensors. 

[0030] It is sometimes necessary when synthesizing a polyurethane material to incorporate a short chain diol or 
damines that would lend physical strength to the polymer but not increase its basic glucose permeability. In these 
cases, the diols and diamines shown in Figure 5 have been used. Other short chain aliphatic diamines and diols could 
easily be substituted by one skilled in the art. 

[0031] Since the siloxanes have excellent oxygen permeability and no glucose permeability, the short chain diols 
and diamines have fair oxygen permeability with no glucose permeability, and the long chain diols and diamines have 
excellent glucose permeability and good oxygen permeability, the final polymer can easily be tailored to a specific ratio 
of oxygen to glucose permeability. Although the ratio is the most important variable for proper glucose sensor operation 
the magnitudes of the diffusion coefficients are also important since the magnitudes of the individual diffusion coeffi- 
oents determine the final currents produced by a sensor and the higher the currents the easier are the electronics 
[0032J Polymerization was carried out in either solution or by bulk polymerization. In all cases, there are equal molar 
quantities of the diisocyanate on the one hand and the combination of the diol + diamine + short chain aliphatic diol or 
diamine on the other. Solution polymerization was carried out in either dimethyformamide (DMF) or tetrahydroluran 
(THF). 

[0033] Since water is reactive with the diisocyanales and can lead to shorter chain polymers than is optimal pre- 
cautions were taken to ensure that all solvents, reactants and glassware were as dry as possible. Short and long chain 
diols and long chain diamines were dried by azeotropic distillation from toluene. Aliphatic diamines were distilled from 
molecular sieves. Solvents were dried by distillation from CaH or molecular sieves as appropriate. Glassware was 
flame dned after assembly and before introduction ofthe reactants. Diisocyanales and siloxanes were used as received 
or stored over molecular sieves. 

^ me '' za,iono '^ 1 ^^ 

dibutylhn b.s(2-ethylhexanoate) is added in trace amounts. Bulk polymerization was usually started at about 50 degrees- 
Celsius and when all components were mixed together, an exotherm reaction was observed to about 95 degrees 
Celsius in the flask. After the initial exotherm reaction, the temperature was maintained at 60 degrees Celsius to 80 
degrees Celsius for about 4 hours. 

[0035] Solution polymerization was carried out the same way. with the exotherm reaction only rising to 75 degrees 
CelSut P 0, y me " 2a,i °" wascarriedout lor 1 2 hours (overnight) at between 50degrees Celsius and 75degrees 

[0036] Alter polymerization was complete, the reaclion mixture was transferred to a large volume (5 liters or more) 
of rapidly stirred Dl (deionized) water. The polymer that precipitated in the water was cut in small pieces and dried at 
50 degrees Celsius to a constant weight. 

° rder ,ha ' ' h0Se Ski ' ,ed in me art Ca " m ° ,e ,u,ly ""island this invention, the following examples are set 
orth. These examples are given solely for purposes of illustration, and should not be considered as expressing limi- 
tations unless so set forth in the appended claims. All parts and percentages are by weight, unless otherwise stated. 

EXAMPLE 1 

Bulk Polymerization 

[0038K 4.44 grams (30 mmole. 100 mole %) of isophorone diisocyanate dried over molecular sieves were transferred 

I?, 3 . ~~ '° UnCl b0t, ° m " aSk m ' ed Wi ' h 3 niU09en Pu,ge " ne and ,e,,ux condenser. 2.40 grams (4 mmole 20 mole 
A) ol PEG 600 dned via toluene distillation. 1.06 grams (10 mmole 50 mole %) of diethylene glycol dried via toluene 
distillation and 15 grams (6 mmole. 30 mole %) ol aminopropyl terminated polydimethyl siloxane MW 2500 were added 
to the Mask. Heat.ng via heating mantle was started until 50 degrees Celsius was obtained. At this point about 15 mq 
ol d.butyll.n bis(2-elhylhexanoate) was added lo the flask and the temperature rose to about 95 degrees Celsius The 
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solution was stirred continuously. The solution was then heated at 65 degrees Celsius for 4 hours during which time 
it became increasingly viscous. The polymer was dissolved in 50 ml of hot THF and the solution was allowed to cool. 
After cooling, the entire solution was poured into 5 liters of stirring Dl water. The precipitated polymer was torn into 
small pieces and dried at 50 degrees Celsius until constant weight. 

EXAMPLE 2 

Solution Polymerization 

[0039] 1.34 grams (8 mmole, 100 mole %) of dried 1,6 hexamethylene diisocyanate were added to a 100 ml 3 neck 
flask containing 20 ml of dry THF. 0.8 grams (4 mmole, 50 mole %) of dried PEG 200 were added with stirring. 1 0 
grams (4 mmole, 50 mole %) of aminopropyl terminated polydimethyl siloxane MW 2500 were added. Heating via 
heating mantle was started until 50 degrees Celsius was obtained. At this point about 15 mg of dibutyltin bis(2-ethyl- 
hexanoate) were added to the flask and the temperature rose to about 83 degrees Celsius. The mixture was heated 
at 70 degrees Celsius for 12 hours and cooled. During heating the solution became very viscous, enough to stop the 
mechanical stirrer. The cooled solution was poured into three liters of rapidly stirred Dl water and the precipitated 
polymer was washed with Dl water three times, torn into small pieces and dried at 50 degrees Celsius until constant 
weight. 

[0040] Membranes for testing purposes were cast several ways. In some cases, membranes were cast from THF 
or DMF/CH 2 Cl2 (2/98 vol. %) onto glass plates using a parallel arm Gardner knife. The dried films were removed, 
hydrated fully and their thickness measured with a micrometer. In other cases, films were cast from solution onto 
filtration membranes of known thickness. It is assumed in the measurements reported below that the membrane ma- 
terial completely filled the pores of the filtration membranes and that the thickness of the filtration media is the thickness 
of the membrane. 

[0041] An infrared spectrum of the product of Example 2 showing the expected bands is shown in Figure 6. 
[0042] Water pickup was measured gravimetrically, Diffusion coefficients were measured using Fick's first law of 
diffusion in a standard permeability cell (Crown Glass Co.) at 3710.2 degrees Celsius. The polymer may absorb for 
example between 10% to 80% water at that temperature, and especially between 20% to 70%. The mathematics of 
diffusion are beyond the scope of this document however a brief outline is appropriate. 

[0043] Flux ='-D dc/dx is the basic diffusion equation. Here D is the diffusion coefficient which is a physical property, 
of both the solute and the material in which it is diffusing. In other words, D is not a property of a molecule or polymer, 
but is a property of the system so the system needs to be fully described for the measurement to be put in context, dc/ 
dx is the concentration gradient, dc, over the thickness of the membrane, dx. The minus sign simply denotes that the 
diffusion is toward the region of lower concentration. If mass balance is considered, Fick's second law of diffusion may 
be generated, dc/dt = D ctfc/dx 2 . By assuming Dirichlet boundary conditions, this equation can be solved using Laplace 
transform techniques. 

[0044] The oxygen diffusion coefficients were measured by securing the membrane between two glass cells (Crown 
Glass) with a rubber gasket. Both cells were filled with phosphate buffered saline (PBS) (0.1 M NaCI, 0.05 M phosphate 
pH 7.4). One cell was sparged with room air (20% 0 2 assumed) and one side was sparged with HPLC grade He. An 
oxygen electrode (Microelectrodes) was placed in each cell. The oxygen electrode outputs were connected to a mi- 
crocomputer controlled data acquisition system and the oxygen concentration from both cells was recorded as a func- 
tion of time. 

[0045] Glucose diffusion coefficients were obtained in a similar manner except that one side was filled with 400 mg/ 
dl glucose solution in PBS while the other side was filled with PBS containing no glucose. The concentrations of glucose 
on both sides of the membranes were measured with a YSI glucose analyzer at 5 minute intervals until equilibrium 
was obtained.. 

[0046] The curves of concentration vs. time were inputted into a microcomputer and the diffusion coefficients were 

calculated using the entire curve. Curve fits generally had correlation coefficients (R 2 ) better than 0.95. 

[0047] Table 1 below shows some of the results lor a variety of polymers prepared according to the methods described 

above. 
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Five Representative Polymer Formulations 



Polymer 


Diisocyanate 


Hydrophilic 


Aliphatic 


Siloxane 






Diol 


Diol 














1 


1-6 Hexamethylene 


PEG 600 20% 


DEG 60% 


Aminopropyl 20% 


2 


Isophorone 


PEG 600 20% 


DEG 50% 


Aminopropyl 30% 


3 


1-6 Hexamethylene 


PEG 600 50% 


None 


Aminopropyl 50% 


4 


1-6 Hexamethylene 


PEG 400 40% 


None 


Aminopropyl 60%. 


5 


1-6 Hexamethylene 


PEG 600 60% 


None 


Aminopropyl 40% 



[0048) Table 2 give some of the physical and chemical properties of the polymers listed above. 

Table 2 



Physical Properties of Representative Polymers. 


Polymer 


Water Pickup 


D0 2 


D Glucose 


% 


x10~ 6 cm 2 /sec 


x 10" 9 cm 2 /sec 










1 


28.5 


1.21 


18.5 


2 


31:3 


0.57 


55.7 


3 


44 


1.50 


105 


4 


57 


1.22 


13.5 


5 


71 


1.45 


155 



[0049] A membrane made from the polymer identified as number 3 above has excellent mechanical properties as 
well as appropriate oxygen and glucose ditfusivities. In order to test this membrane, a prototype glucose sensor gen- 
erally designated in accompanying drawing FIGURE 7A by the reference number 10 was built. The sensor 10 contains 
a reference electrode 12, a working electrode 14, and a counter electrode 16 deposited on a polymeric sheet 19. A 
series of bonding pads 18 complete the sensor 10. As shown in FIGURE 78, the working electrode 14 was covered 
with a layer 20 of the enzyme glucose oxidase and the entire electrode array was coated with a layer 22 of the polymer 
by dip coating two times from a 5 wt % solution of the polymer in THF. The sensor was connected to a commercial 
potentiostat (BAS Instruments) (not shown) and operated with a potential of +0.6 volts between the working electrode 
and the reference electrode. 

[0050] Glucose response is shown in Figure 8. As seen in Figure 8, the response of the electrode system is linear 
over the physiological glucose range, suggesting relative independence of local 0 2 concentration. All of the other 
polymers tested show similar behavior to the polymer identified as number 3 shown in Figure 8 and are acceptable as 
membranes for biosensor applications. While the principles of the invention may be used in the fabrication of mem- 
branes for glucose sensors, the invention is not as limited: Indeed, the membrane in accordance with the invention 
may be used for the detection of a large number of analytes. 



Claims 



1 . A homogenous polymer composition which is permeable to glucose and water and which is useful as a membrane 
for biosensors, comprising the reaction products of at least one diisocyanate, at least one hydrophilic diol or di- 
amine, and at least one silicone material. 

. 2. The homogenous polymer composition ol claim 1 , further comprising at least one hydrophobic aliphatic diol or 
diamine in the reaction products. 
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3. The composition of claim 1 , wherein said polymer absorbs between 1 0% to 80% water at 37 degrees Celsius. 

4. The composition of claim 1 , wherein said diisocyanate is selected from the group consisting of isopborone, 1 ,6-hex- 
amethytene or 4,4'methylenebis (cyclohexyl isocyanate). 

5. the composition of claim 1, wherein said hydrophilic diol or diamine is selected from the group consisting of pol- 
yethylene glycol, polypropylene glycol, amino-terminated polyethylene glycol, amino acid esters terminated poly- 
ethylene glycol, and block copolymers of polyethylene gylcol and polypropylene glycol. 

6. the composition of claim 2, wherein said aliphatic diol or diamine is selected from a group consisting of ethylene 
gylcol, propylene glycol, 1-3 propanediol, and 1-3 diaminopropane. 

7. The composition of claim 1, wherein said silicone material is selected from the group consisting of amino propyld- 
imethyl terminated siloxane, carboxy propyl-dimethoxy terminated siloxane and carbinol terminated siloxane. 

8. The composition of claim 2, wherein the polymer is obtained from the reaction products of about 50 mole percent 
diisocyanate, 5 to 45 mole percent hydrophilic diol or diamine, 5 to 45 mole percent aliphatic diol or diamine, and 
5-40 mote percent silicone material. 

9. the composition of claim 5, wherein the polyethylene glycol has an average molecular weight of 600. 

. 10. The composition of claim 3, wherein said pofymer absorbs between 20% to 70% water at 37 degrees Celsius. 

11. The composition of claim 1, wherein the hydrophilic diamine comprises silicone. 

. 12. An implantable biosensor for measuring the reaction of an analyte and oxygen, said biosensor having a biocom- 
patible membrane for controlling the permeability of analyte and oxygen to the biosensor elements, said membrane 
comprising a homogenous polymer composition which is permeable to glucose and water comprising the reaction 
products of at least one diisocyanate, at least one hydrophilic diol or diamine, and at least one silicone material. 

13. The biosensor of claim 12, wherein the analyte comprises glucose. 

14. The biosensor of claim 13 wherein the homogenous polymer composition further comprises at least one aliphatic 
diol or diamine added to the reaction. 

15. the biosensor of claim 14, wherein the polymer comprises from 50 mole percent diisocyanate, 5 to 45 mole percent 
hydrophilic diol or diamine, 5 to 45 mole percent aliphatic diol or diamine, and 5-40 mole percent silicone material. 

. 16. The biosensor of claim 12, wherein the homogeneous polymer composition is as defined in any of claims 3 to 7 
and 9 to 11. 

Patentanspruche 

1. Eine homogene Polymerzusammensetzung^ die gegenuber Glucose und Wasser permeabel ist urid die als Mem- 
bran fur Biosensoren geeignet ist, umfassend die Produkte der Umsetzung mindestens eines Diisocyanats, min- 
destens eines hydrophilen Diols Oder Diamins und mindestens eines Siliconmatehals. 

2. Homogene Polymerzusammensetzung nach Anspruch 1 , bei der weiter mindestens ein hydrophobes aliphatisches 
Diol oder Diamin umgesetzt wird. 

3. Zusammensetzung nach Anspruch 1 , bei der das Polymer bei 37°C 1 0 % bis B0 % Wasser absorbiert. 

4. Zusammensetzung nach Anspruch 1 , bei der das Diisocyanat aus der Gruppe bestehend aus Isophorondiisocya- 
nat, 1 ,6-Hexamethylendiisocyanat und 4,4'-Methylenbis(cycJohexylisocyanal) ausgewahlt ist. 



5. 



Zusammensetzung nach Anspruch 1, bei der das hydrophile Diol oder Diamin aus der Gruppe bestehend aus 
Polyethylenglycol, Polypropylenglycol, Polyethylenglycol rnit endstandigen Aminogruppen, Polyethylenglycol mil 
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ehdstandigen Aminosaureestern und Blockcopolymeren von Poryethytengrycol und Polypropylenglyco! ausge- 
wahlt ist 

6. Zusammensetzung nach Anspruch 2, bei der das aliphatische Diol Oder Diamin aus der Gruppe bestehend aus 
Ethylenglycol, Propylenglycol, 1,3-Propandiol und 1 ,3-Diaminopropan ausgewahlt ist. 

7. Zusammensetzung nach Anspruch 1, bei der das Siliconmaterial aus der Gruppe bestehend aus einem Siloxan 
mit endstandigen Aminopropyldimethylgruppen, einem Siloxan mit endstandigen Carboxypropyl-dimethoxygrup- 
pen und einem Sitoxan mit endstandigen Carbinolgruppen ausgewahlt ist 

8. Zusammensetzung nach Anspruch 2, bei der das Polymer aus den Produkten der Umsetzung von etwa 50 nriol- 
% Diisocyanat, 5 bis 45 mol-% eines hydrophilen Diols Oder Diamins, 5 bis 45 mol-% ernes aliphatischen Diols 
oder Diamins und 5 bis 40 mol-% eines Siliconmaterials erhalten wird. 

9. Zusammensetzung nach Anspruch 5, bei der das Poryethylenglycol ein durchschhittliches Molekulargewicht von 
600aufweist 

1 0. Zusammensetzung nach Anspruch 3, bei der das Polymer bei 37°C 20 % bis 70 % Wasser absorbiert. 

11. Zusammensetzung nach Anspruch 1 , bei der das hydrophile Diamin ein Silicon umfasst. 

1 2. Ein implantierbarer Biosensor zur Messung der Reaktion eines Analyten und Sauerstoff, wobei der Biosensor eine 
biologisch vertragliche Membran zur Steuerung der Permeabilitat des Analyten und von Sauerstoff zu den Ele- 
ment en des Biosensors aufweist, wobei die Membran eine homogene Polymerzusammensetzung umfassU die 
gegenuber Glucose und Wasser permeabel ist und welche die Produkte der Umsetzung mindestens eines Diisp- 
cyanats, mindestens eines hydrophilen Diols oder Diamins und mindestens eines Siliconmaterials umfasst 

13. Biosensor nach Anspruch 12, bei dem der Anaiyt Glucose umfasst 

14: Biosensor nach Anspruch 13, bei dem die homogene Polymerzusammensetzung weiter mindestens ein aliphati- 
sches Diol oder Diamin umfasst, das der Umsetzung zugesetzt wird. 

1 5: Biosensor nach Anspruch 1 4, bei dem das Polymer 50 mol-% Diisocyanat, 5 bis 45 mol-% eines hydrophilen Diols 
oder Diamins, 5 bis 45 mol-% eines aliphatischen Diols Oder Diamins und 5 bis 40 mol-% eines Siliconmaterials 
umfasst. 

16. Biosensor. nach Anspruch 12, bei dem die homogene Polymerzusammensetzung gemaB einem der Anspruche 3 
bis 7 und 9 bis 11 definiert ist. 



Revendications 

1. Composition homogene de polymeres, permeable au glucose et a I'eau et utilisee en tant que membrane pour 
des bio-capteurs comprenant les produits de reaction d*au moins un diisocyanate, un diol ou une diamine hydro- 
phile et un silicone. 

2. Composition homogene de polymeres selon la revendication 1 , comprenant par aitleurs au moins un diol ou une 
diamine aliphatique hydrophobe dans les produits de reaction. 

3. Composition selon la revendication 1, dans laquelle ledit polymere absorbe entre 10 et 80 % d'eau a 37 degres 
Celsius. 

4. Composition selon la revendication 1 , dans laquelle ledit diisocyanate est selectionne dans le groupe compose 
d'isophorone, d'1,&-hexamethylene ou 4,4' methylene bis (isocyanatocyclohexyle). 

5. Composition selon la revendication 1, dans laquelle ledit diol ou ladite diamine hydrophile est seleclionne dans 
un groupe compose de polyethylene glycol, de polypropylene glycol, de polyethylene glycol amine, de polyethylene 
glycol a terminaison d'esters d'aminoacides et de copolymeres sequences de polyethylene glycol et de polypro- 
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pylene glycol. . 

• 6. Composition selon la revendication 2, dans laquelle ledit dipl ou ladite diamine aliphatique est selectionne dans 
un groupe compose Methylene glycol, de propylene glycol, de 1-3 propane-diol et de 1-3 diaminopropane. 

7. Composition selon la revendication 1, dans laquelle ledit silicone est selectionne dans le groupe compose de 
siloxane a terminaison amino propyldimethyl, de siloxane a terminaison carboyxy propyl-dimethoxy et de siloxane 
a terminaison carbinoL 

8; Composition selon la revendication 2, dans laquelle le polymere est obtenu a partir des prbduits de reaction cf en- 
viron 50 pour cent en mole de diisocyanate; 5 a 45 pour cent en mole de diol ou de diamine hydrophile, 5 a 45 
pour cent en mole de diol ou diamine aliphatique et 5-40 pour cent en mole de silicone. 

9. Composition selon la revendication 5, dans laquelle le polyethylene glycol presente un poids moleculaire moyen 
de600. 

10. Composition selon la revendication 3 r dans laquelle ledit polymere absorbe entre 20 et 70 % d'eau a 37 degres 
Celsius. 

1 1; Composition selon la revendication 1 , dans laquelle la diamine hydrophile contient du silicone. 

12. Bio-capteur implantable permettant de mesurer la reaction d'une substance a analyser avec Toxygene, ledit bio- 
capteur ayant une membrane biocompatible permettant de controler la permeabilite a la substance a analyser et 
a Toxygene des elements du bio-capteur, ladite membrane comprenant une composition homogene de polymeres, 
laquelle est permeable au glucose et a I'eau et comprenant les produits de reaction d'au moins un diisocyanate, 
un diol ou une diamine hydrophile et uh silicone. 

. 13. Biocapteur selon la revendication 1 2, dans lequel la substance a analyser contient du glucose. 

14. Bio-capteur selon la revendication' 13, dans lequel la composition homogene de polymeres contient, par ailleurs, 
au moins un diol ou une diamine aliphatique ajoute(e) a la reaction: 

15. Bio-capteur selon la revendication 1 4, dans lequel le polymere comprend 50 pour cent en mole de diisocyanate, 
5 a 45 pour cent en mole de diol ou diamine hydrophile, 5 a 45 pour cent en mole de diol ou diamine aliphatique 
et 5-40 pour cent en mole de silicone. 

16. Bio-capteur selon la revendication 12, dans lequel la composition homogene de polymeres est telle que delinie 
dans toutes les revendications 3 a 7 et 9 a 11 . 
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FIG. 5 
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FIG. 7 A 




12- 




19 



14 



16 




FIG. 7B 



15 



